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The treatment of focal aortic arch 
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branch 
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Purpose: The purpose of this study was to evaluate the safety and effectiveness of Palmaz 
stents as a less morbid alternative totraditional surgery for focal aortic arch branch lesions. 
Methods: Twenty-two patients with symptoms and a mean age of 61.3 years were treated 
from July 1991 to May 1995 with 26 stents at the following locations: 8innominate artery, 
5 left common carotid artery, 1 right common carotid artery, and 12 left subclavian. 
Procedures were carried out in an operating room with patients receiving either local 
anesthetic n 12 cases or general anesthetic n 10. Surgical exposure of either the cervical 
common carotid or brachial artery allowed precautionary distal clamping before 
retrograde stent deployment to prevent atheroembolization. 
Results: Initial success was possible in 92.3% (24 of 26) of cases. There were no strokes 
or deaths. During a mean follow-up period of 27 months, 22 of 26 (85%) vessels have 
remained patent and the patients ymptom free. 
Conclusion: Focal aortic branch lesions can be effectively and safely treated with Palmaz 
stents. (J VASC SURG 1996;23:368-75.) 
Symptomatic atherosclerotic lesions of the in- 
nominate, common carotid, and subclavian arteries 
have been surgically treated since the early 1950s 
with either bypass or endarterectomy. Large series of 
brachiocephalic reconstructions have been reported 
by DeBakey et al., 1 Wylie and Ehrenfeld, 2 and 
others. 3~4 Although early and long-term results have 
been excellent, perioperative stroke rates have ranged 
from 0% to 7.6% and mortality rates from 0% to 
14.7%. 2,4 The need for an equally effective but less 
morbid approach to this problem is apparent. 
The purpose of this study is to report an 
alternative open endovascular technique with Palmaz 
stents (Johnson &: Johnson, New Brunswick, N.J.) 
used as treatment for focal aortic arch lesions. 
PATIENTS AND METHODS 
Study population 
During a 46-month (3.75 years) period (July 1, 
1991 to May 1, 1995), we attempted to place 26 
aortic arch Palmaz stents in 22 patients with syrup- 
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toms referred to the Maryland Vascular Institute. 
There were 12 men and 10 women, with a mean age 
of 61.3 years (range 38 to 74 years). 
The anatomic locations of  the atherosclerotic 
focal lesions were as follows: eight innominate 
arteries, one right common carotid artery, five left 
common carotid arteries, and 12 subclavian arteries. 
All lesions were either severe stenoses (n = 18) or 
occlusions less than 2 cm in length (n = 8). 
Preoperative symptoms. All 22 patients in this 
series had symptoms (Table I). Of  the eight patients 
with innominate artery lesions, four had right hemi- 
spheric symptoms, three had vertebrobasilar insuffi- 
ciency (marked izziness in two patients and diplopia 
in the other), and one had arm clandication. The 
patient with the right common carotid artery stenosis 
had a history of amaurosis fugax, and all five patients 
with left common carotid artery lesions had clear-cut 
left hemispheric transient ischemic attacks. Patients 
with subclavian artery lesions had vertebrobasilar 
insufficiency in eight cases, (dizziness in six patients , 
diplopia in three patients, and drop attacks in one), 
arm claudication i  four cases, and digital emboliza- 
tion in two. 
Associated cardiovascular disease. Associated 
cardiovascular disease included coronary artery dis- 
ease in 10 (45%), hypertension in 11 (50%), 
peripheral arterial occlusive disease in 6 (27%), and 
abdominal aortic aneurysm in 1 (4%). 
Preoperative investigations. All patients under- 
went carotid/subclavian duplex scanning. These pa- 
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Table I. Presenting symptoms of patients 
with aortic arch lesions 
Anatomical lesions Symptoms 
Innominate artery 
(n = 8) 
Right common carotid 
artery (n = 1) 
Left common carotid 
artery (n = 5) 
Left subclavian rtery 
(n = 12) 
4 Right hemispheric TIAs 
3 Vertebrovascular insufficiency 
1 Arm claudication 
1 Amaurosis fugax 
5 Left hemispheric TIAs 
8 Vertebrobasilar Insufficiency 
4 Arm claudication 
2 Digital embolization 
T/A, Transient ischemic attack. 
tients with either innominate artery or common 
carotid artery lesions all had a readily noted low flow 
in the cervical carotid vessels. Those patients with 
compromised innominate or subclavian arteries had 
on average a brachial systolic blood pressure 24 mm 
Hg lower than the contralateral side. Furthermore, 
retrograde vertebral artery flow was identified by 
duplex scanning in 16 (80%) of the patients in this 
group, and four (20%) others had total vertebral 
occlusions. 
Arch aortography was performed on all 22 
patients. The number of stenoses and short occlu- 
sions are listed along with their locations (Table II). 
Short occlusions less than 2 cm in length were noted 
in eight cases (31%). Most of the lesions (n = 18 or 
69%) were hemodynamically significant stenoses of 
greater than 70%. Four patients had both innomi- 
nate artery lesions combined with left common 
carotid artery lesions (two cases) and left subclavian 
lesions (two cases). Lastly, three patients were noted 
to have concomitant carotid bifurcation disease: two 
stenoses and one occlusion. The two patients with 
stenoses were subsequently treated with a standard 
carotid endarterectomy. 
Surgery. Patients were taken to an operating 
room with fluoroscopic imaging capabilities on the 
day of admission. Surgical exposure of the common 
carotid artery in the neck (Fig. 1) or of the proximal 
brachial artery (Fig. 2) was performed with patients 
receiving either local (12 patients) or general (10 
patients) anesthetic. All patients were given a flail 
course of heparin before the retrograde insertion of a 
7F sheath into the exposed vessel. The artery was 
clamped distal to the insertion site to prevent he 
possibility of subsequent atheroembolization. Mean 
blood pressure recordings were then obtained 
through the sheath and compared to systemic blood 
Table II. Arteriographic findings 
Vessel Lesions 
Innominate artery 
Right common carotid artery 
Left common carotid artery 
Left subclavian rtery 
6 stenoses 
2 occlusions 
1 stenosis 
4 stenoses 
1 occlusion 
7 stenoses 
5 occlusions 
pressure measurements obtained from a radial artery 
catheter. A gradient of at least 15 mm Hg was present 
in all cases. After identifying the lesion by fluoro- 
scopic angiography, a guide wire (usually a 0.035 
mm Terumo gfidewire; Medi-tech; Watertown, 
Mass.) was advanced with the intention of traversing 
the lesion. An exchange catheter was sometimes used 
concomitantly with the guide wire to negotiate 
passage through the lesion. This maneuver isparticu- 
larly helpful in cases of total occlusions. "Road- 
mapping" fluoroscopic apability is essential in the 
more difficult cases and was frequently used. 
Once the offending lesion is crossed, a Palmaz 
stent can be deployed after preliminary balloon 
angioplasty with 4 mm-diameter balloon catheter. 
The stents used were either 2 or 3 cm in length 
depending on the size of the lesion. The stent 
diameter used was 8.0 mm in all cases. However, in 
four of the innominate artery lesions, a 10 mm-di- 
ameter balloon was used after initial deployment to 
enlarge the stent and achieve proper fixation. The 
ideal positioning of the stent requires its most 
proximal portion to be approximately 2 mm inside 
the aortic arch, with the rest of the stent within the 
branch artery. 
Postdeployment arteriography (Figs. 3-6) done 
through the previously placed sheath confirms the 
anatomic orrection of the lesion. A pressure reading 
obtained distal to the treated lesion through the 
sheath assures hemodynamic correction. The sheath 
can then be withdrawn and the artery "flushed" to 
remove any loose debris possibly resulting from the 
endovascular procedure. The arteriotomy is then 
closed with one or two sutures of 6-0 prolene after 
adequate backbleeding. The heparin was not re- 
versed, and the wound was closed in standard 
fashion. 
After operation patients were treated with intra- 
venous low molecular weight dextran for approxi- 
mately 24 hours and then were usually discharged 
receiving one aspirin per day. Mean length of hospital 
stay was 1.5 days. 
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Fig. 1. Open surgical approach to carotid artery prevents atheroembolization by permitting 
clamping of vessel before endovascular stenting of innominate artery. 
- 
Fig. 2. Brachial artery approach for stenting left subcla- 
vian artery is illustrated. 
Follow-up. All patients were seen within 2 
weeks of being discharged from the hospital, and 
five (21%) had arteriograms obtained in the early 
postoperative period. Duplex scanning and blood 
pressure recording have been performed on all 
patients within 1 month of the original procedure 
and every 6 months thereafter. No patient in this 
small series was lost during a mean follow-up period 
of 27 months. Life-table analysis of patency was 
used to present follow-up data as recommended by 
the Ad Hoc Committee on Reporting Standards of 
the Society for Vascular Surgery/North American 
Chapter of the International Society of Cardiovas- 
cular Surgery. s 
RESULTS 
Success was defined as an anatomic angiographi- 
cally verifiable correction of the treated lesion and the 
normalization of mean arterial pressure distal to the 
site stented. It was initially achieved in 24 of 26 
attempts for a rate of 92%. The two immediate 
failures occurred in patients with short left subclavian 
occlusions that could not be crossed with a guide 
wire. Stenting was therefore impossible. Both of 
these patients underwent corrective carotid subcla- 
vian bypasses and have done well. 
It is important o note that, after stent deploy- 
ment and sheath withdrawal, flushing did not result 
in any visually detectable atherosclerotic debris. As a 
probable consequence, there were no deaths or 
strokes in this series. One patient was readmitted to 
the hospital four days after being discharged with 
seizure activity and short-term memory loss. Thor- 
ough evaluation failed to identify the cause of the new 
symptoms, and the patient gradually fully recovered. 
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Fig. 3. Preoperative arteriogram of patient with short occlusion of innominate artery and 
severe stenosis of left common lilac artery is shown. Reconstituted innominate artery is denoted 
by arrows. 
Fig. 4. Postoperative arteriogram of patient in Fig 3. 
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Fig. 5. Preoperative arteriogram of patient with severe stenosis of proximal eft subclavian 
artery. 
Fig. 6. Postoperative arteriogram of patient in Fig. 5. 
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Fig. 7. Primary patency rate after deployment of aortic branch Palmaz stents. 
No cerebral infarcts were noted on computed tomog- 
raphy scanning or magnetic resonance imaging in 
this particular patient. 
One patient had development ofa significant neck 
hematoma that required evacuation. Another patient 
had the Palmaz stent misplaced, with approximately 
1 cm projecting into the aortic arch. This complica- 
tion has not had an adverse sequela, and at 19 months 
follow-up the treated subclavian artery remains 
patent. 
Longer-term vessel patency with a mean 
follow-up of 27 months (range 2 to 46 months) has 
been noted on 22 cases for a success rate of 85% (Fig. 
7). The two failures were respectively noted 8 and 18 
months after surgery. Both were recurrent stenoses at 
the right common carotid artery and left subclavian 
artery, respectively. The former recurrence was at a 
site immediately distal to the originally placed stent. 
It was repaired by the deployment of a secondary 
stent with the same insertion technique herein 
described. This patient remained symptom free, and 
the recurrence was diagnosed by duplex scanning. 
The subclavian artery restenosis occurred at the site of 
stent placement and was successfully treated by 
placement of another larger diameter stem at the 
stenotic area. Secondary patency in these two in- 
stances has been achieved, but the follow-up period 
is inadequate to gauge longer term success. 
Recurrent vertebrobasilar insufficiency consisting 
of dizziness and diplopia was noted in the one patient 
whose left subclavian artery restenosed 18 months 
after the original procedure. This patient's symptoms 
were reversed when a second stent corrected the 
primary failure. No hemispheric transient ischemic 
attacks or strokes have occurred uring the follow-up 
period. 
DISCUSSION 
These patients are afflicted with atherosclerotic 
involvement of the major branches of the aortic arch. 
These lesions are less frequent han those involving 
the cervical carotid bifurcation and the vertebral 
artery origins. However, they are by no means rare. 
Hass et al.6 have reported that one third of patients 
in the Joint Study undergoing arteriography had a 
severe lesion involving one or more of the aortic arch 
branches. Furthermore, inaccessibility o ultrasonic 
evaluation makes their detection, structure, and thus 
their natural history unclear. For these reasons, 
surgical indications for repair are not well established 
or universally accepted. We have therefore found it 
prudent o treat only patients who have symptoms 
with this new technique. 
Most of the lesions in this report were hemody- 
namically significant stenoses (18 of 26 or 69%), 
with short occlusions comprising the rest. The 
resultant presenting symptoms appear to be caused 
by both embolization and hypoperfusion of the 
cerebral and upper extremity arterial beds. This 
observation has been previously reported by several 
other authors. 7-9 
It should be clear from the series reported herein 
and previous publications that, for the most part, 
patients with focal, short lesions of the supraaortic 
trunks are being selected for transluminal recanaliza- 
tion. This is only logical and reflects accumulated 
knowledge and results achieved with intraluminal 
therapy in other arterial territories. It is also easily 
understandable that the proximal brachiocephalic 
arteries would be selected for angioplasty/stenting 
given their large diameter and high-flow character- 
istics, making them especially well suited (like the 
iliac arteries) for endovascular recanalization. 
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It should also come as no surprise that the failure 
to cross totally occlusive, heavily calcified lesions, 
especially those affecting the curved proximal left 
subclavian artery make up most of the unsuccessful 
outcomes with catheter-based retrograde recanaliza- 
tion of supraaortic trunks. Conversely, those arterial 
segments that can be crossed and stented optimally 
during the initial intervention would appear to have 
an excellent long-term prognosis. The latter impres- 
sion, however, reflects only the results obtained in 
this and other relatively small series of patients who 
have been observed for a relatively short period of 
time. A more definitive statement about the effec- 
tiveness of these interventions will have to await the 
careful reporting of larger numbers of patients 
followed up for 5 to 10 years. 
A significant portion of our patients (10/22 or 
45%) were women and the mean age was a relatively 
young 61.3 years. This sex and age predisposition has 
been previously reported. 9'1° Similarly our patients 
were afflicted with the usual accompanying cardio- 
vascular disease like coronary artery disease and high 
blood pressure. 8,~1~12 This is an important consider- 
ation because the morbidity and mortality rates of 
standard vascular econstruction are clearly related to 
these coexisting manifestations ofgeneralized athero- 
sclerotic disease. 3,13~5 A more limited procedure, 
such as the described endovascular stenting, that 
requires only an arterial cutdown would be expected 
to result in a marked reduction in perioperative 
cardiac complications. This advantage was noted in 
this group of patients because the operative mortality 
rate was zero in our series. 
The described technique for depositing a Palmaz 
stent at the site of atherosclerotic nvolvement was 
designed primarily to reduce and prevent athero- 
embolization. An open approach should prevent 
embolization because the access carotid artery is 
clamped distal to the site where the sheath is to be 
introduced; however, distal embolization remains a 
risk. This precaution has been effective, although it 
does not in theory prevent embolization from 
occurring into the vertebral artery when treating a 
proximal subclavian lesion. The reversal of flow 
usually present in the vertebral artery may be a 
preventive phenomenon to operative embolization 
in this particular case. The question of subsequent 
embolization during long-term follow-up with the 
use of a stent is also an important consideration. 
We noted no cerebral transient ischemic attacks or 
digital embolization during the follow-up period. 
This observation has been duplicated in other ar- 
terial beds such as the kidney and lower extremities 
after the use of the Palmaz stent. The presence of 
an intraluminal well-expanded steel mesh appears to 
be a good barrier to the shedding of large athero- 
matous debris. No small particles of atherosclerotic 
debris were seen during flushing, and, inasmuch as 
no transient ischemic attacks or strokes occurred, 
the likelihood of distal embolization is a clinically 
nonsignificant issue. 
Interventional procedures are being more widely 
used to treat atherosclerotic lesions previously only 
correctable with surgical endarterectomy and by- 
pass. In the case of the aortic branch lesions, balloon 
angioplasty has been touted as the treatment of 
choice in many cases)  6 Initial results have been 
excellent, with reports of success ranging from 85% 
to 100%)  7-19 However, these reports do not give 
sufficient follow-up. Long-term results are un- 
known. 
We are not optimistic regarding the outcome 
after balloon angioplasty, noting that arch lesions are 
most often ostial in nature. This occurrence is not 
dissimilar from proximal common iliac artery steno- 
sis where balloon angioplasty at first seemed to be 
promising, only to disappoint later. Therefore it 
seems more clinically logical to use stents to obtain 
better long-term results. This is naturally unproven, 
but it is extrapolated from the outstanding perfor- 
mance of intraluminal stents in the proximal com- 
mon iliac arteries. 2° 
Failure of stenting has occurred in two patients, 
and both were treated by the placement of another 
stent. The first failure at the right common carotid 
artery occurred because the original stent was not 
long enough, and the lesion was therefore inad- 
equately treated the first time. However, the reason 
for the second failure at the origin of the left 
subclavian artery is unknown. A strong suspicion is 
that the original stent was not open enough. Both 
of these failures were corrected by the deployment 
of another stent. We will have to wait longer before 
determining secondary patency rates. Last, it is 
important o note that failure does not in any way 
inhibit traditional surgical reconstruction by bypass. 
As surgeons, we are in the enviable position to 
decide the best treatment option and offer it to the 
patient. 
In conclusion, focal aortic arch lesions can be 
effectively and safely treated with corrective Palmaz 
stents. Midterm results are very encouraging on the 
basis of the excellent patency noted along with the 
freedom from neurologic events. However, long- 
term results are not yet available. The durability of 
this procedure is therefore unknown at present. 
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